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ABSTRACT 
The EnVision science case requires an instrument 
capable of providing global stereo images at 10-50 m 
resolution, phase information from at least 20% of the 
surface for interferometry, as well as the ability to 
provide 1-10 m resolution images of specific targets in 
the C- to S-band range (X-band does not penetrate 
through the atmosphere to the surface of Venus). 
VenSAR is adapted from the individual phase centre 
design of NovaSAR-S, which offers much greater 
flexibility that can be optimised for Venus science. In 
addition, its S-band wavelength offers an acceptable 
compromise between InSAR resolution and atmospheric 
stability. The use of an 'off-the-shelf' system, adapted for 
use at Venus, saves cost and provides for directly 
comparable data from Venus and Earth at a resolution 
two orders of magnitude better than Magellan, for the 
first time allowing the direct measurement of rates of 
tectonic and volcanic processes on another planet. 
 
1. VenSAR 
The primary instrument carried by EnVision is VenSAR, 
a synthetic aperture radar (SAR) using a 5·47m × 0·60 m 
phased array antenna, operating at 3200 GHz, (9·4 cm), 
in the S-band. The VenSAR antenna uses the same 
components and technology as the NovaSAR-S antenna 
developed by Airbus Defence and Space, which itself is 
built on the heritage of Sentinel-1 and ENVISAT. The 
microstrip patch phased array provides a self-contained 
front-end by mounting the RF electronics on the reverse 
side of the antenna panel. The use of mature GaN 
technology solid state power amplifiers further reduces 
the mass requirements to just 130 kg for the antenna. The 
antenna consists of 24 phase centres, in a 6 × 4 
arrangement of centre-fed sub-arrays each of which 
contains 24 patches. Each sub-array is individually 
controllable in phase, polarisation for transmit (Tx) and 
receive (Rx) functions, and Rx gain, with a beam control 
unit to apply transmit and receive phase adjustments. 
These provide the antenna with considerable flexibility 
in the selection of resolution and swath width, within the 
available 182 MHz bandwidth, and incidence angles 
from 20˚ to more than 45˚, from a 32° boresight. 
VenSAR benefits from the slow (equatorial) advance of 
~10 km per pass by using swaths ~40 km wide to enable 
scanSAR observations for stereo viewing and 
polarimetry, and successive pass stripmap observations 
to support interferometry. Because SAR images suffer 
from coherence, the resolution achieved is a combination 
of spatial resolution, which is a measure of the smallest 
feature that can be discriminated in an image, and 
radiometric resolution, which is a measure of the 
minimum contrast ratio that can be discriminated. 
Radiometric resolution increases with the number of 
looks but at the expense of spatial resolution (Fig. 1). A 
good compromise is 9 looks [1]; for comparison with 
EnVision, Magellan images were typically 5–6 looks in 
the lower latitudes. 
  
 
FIGURE 1. Increasing the number of looks relationship improves image quality (radiometric resolution) at the expense 
of spatial resolution. The optimum compromise is 9 looks: notice that the small channels (centre) are most clearly 
distinguished in this image. Radiometric resolution is for a 2:1 contrast ratio (3 dB); spatial resolution is determined by 
summing looks along track. 
The spatial resolution along track is fixed and defined by 
half the antenna length, in practise 3 m, and across track 
by the available bandwidth, which is up to 182 MHz for 
VenSAR. This bandwidth implies a maximum uniform 
resolution of 6 m along and across track for 9 looks but 
the global data volume produced would be far more than 
could reasonably be returned during the mission 
timeframe and exceeds the science requirements for 
global datasets. Obtaining the required 9 looks by 
combining along track enables a lower bandwidth, of 
~10·5 MHz, which reduces data volume to a manageable 
level. The resulting spatial resolution is 27 m, which is 
within the desired range of between 10 and 50 m and is 
therefore selected as the normal operating resolution for 
VenSAR. The volume of echo data acquired at Venus 
will be optimised using block adaptive quantisation 
(BAQ) processing to minimise the volume of raw 
complex echo data to be downlinked to Earth where all 
image formation processing will take place. 
 
2. DESIGN DESCRIPTION 
The VenSAR design is derived from the NovaSAR-S 
instrument that is currently being built for the UK Space 
Agency. The NovaSAR-S instrument comprises two 
major sub-systems, an active phased array antenna sub-
system (the front-end, Fig. 2) and a central electronics 
sub-system (the back-end, Fig. 3). In NovaSAR-S the 
active antenna is configured from an array of 18 identical 
phase centres each comprising a 2 × 2 array of dual polar, 
6-element sub-arrays which are excited by three distinct 
equipment units, coupled together with associated wiring 
harnesses: a Tx unit capable of delivering 115 W peak RF 
power, a single channel LNA front end receiver and a 
beam control unit, and a power conditioning unit [2]. RF 
signal distribution networks deliver signals to and from 
the central electronics sub-system which forms the radar 
backend. All of these equipment units and sub-systems 
are designed and have been tested to qualification levels 
in preparation for manufacture, with launch currently 
scheduled for 2016 so that by 2017 their TRL will be at 
level 8/9. 
The VenSAR design takes the fundamental active phase 
centre technology (2 × 2 array of sub-arrays coupled with 
the associated electronics) and configures the VenSAR 
antenna as a three panel stack in which each panel 
comprises of two columns of four NovaSAR-S active 
phase centres. Thus, the technology of the sub-arrays 
themselves will be at TRL 9.  While the NovaSAR-S 
antenna is configured as a single panel, the three panels 
of VenSAR will be deployed from a stack that is similar 
to (but smaller than) the five–panel stack used for ASAR. 
The hold-down and deployment mechanism proposed for 
VenSAR will use the Sentinel-1a hold-down and 
deployment mechanism, so drawing its technology 
heritage directly from the Sentinel-1a programme and 
will also be at TRL 9. A development programme to 
bring the physical structure of the VenSAR antenna to 
TRL 7 is envisaged during the Phase A and B1 so that the 
antenna stack will be in position to demonstrate TRL 8 at 
the end of Phase C/D. 
Calibration paths have been included to enable 
characterization of the phase centre distortions for replica 
generation, antenna beam pattern maintenance, and 
system diagnostics. The calibration scheme is based on 
  
the scheme developed for ASAR on ENVISAT, with a 
P1 path that includes the transmit electronics but 
bypasses the receive electronics, a P2 path that includes 
the receive electronics but bypasses the transmit 
electronics, and a P3 path that bypasses both the transmit 
and the receive electronics. The P1 and P2 paths each 
have an H and a V variant.
 
FIGURE 2. Each phase centre contains on its reverse side a power conditioning unit, a 115 W RF transmit unit, a 
radiator unit and a receive/beam control unit, making for a fully scalable solution. The VenSAR antenna consists of 24 
of these phase centres  arranged in 6 columns of 4 rows spread over 3 panels (2 columns per panel), as shown on the 
right and oriented with the orbit track towards the top, along the major axis. 
The New Instrument Architecture (NIA, Fig. 3) generic 
space radar central electronics exploits the power and 
flexibility of the Xilinx Virtex 5 (XQR5V) Field 
Programmable Gate Array (FPGA). The XQR5V is the 
first high performance RAM based FPGA to integrate 
effective single event effect mitigation into its core 
architecture. This has created the opportunity to develop 
a truly generic backend solution that can easily be applied 
to a very wide range of space radar missions with 
minimal non-recurring cost in a compact, lightweight and 
low power module [3]. 
 
  
 
FIGURE 3. Nominal NIA architecture (Airbus DS). 
Within the front-end, the sub-array radiator assemblies 
together with the associated passive transmit and receive 
feed networks consisting of passive Wilkinson style 
splitters interconnected with coaxial cables are attached 
by isostatic mounting blades to the outer face of a  25 mm 
aluminium honeycomb panel. An RF transparent 
sunshield over the front surface of the antenna serves to 
reduce the temperature excursions seen by the panel. The 
RF units are mounted on the inner (satellite) side of the 
honeycomb panel and are covered with multi-layer 
insulation to thermally isolate them from the rest of the 
spacecraft. The estimated total mass of VenSAR (front-
end) is 151·9 kg; the component mass and peak power 
consumption budgets are listed in Tab. 1. Note that 
although the radiator units are not planned to operate at 
transmit duty ratios of more than 20%, they can tolerate 
a transmit duty ratio of up to 30% for short periods if 
required.
 
TABLE 1. VenSAR mass and power consumption budgets. 
Component Margin Mass Estimate Power Estimate 
NIA Central Electronics (×2) 10% 22·2 kg 24·4 kg 46 W 51 W 
Front-end Electronics (×24) 10% 95·2 kg 104·7 kg 264 W 290 W 
Radiator Units (×24) 10% 22·8 kg 25·1 kg 1704 W† 1874 W† 
Antenna Structure (×1) 25% 18·0 kg 22·1 kg —  —  
†at 20% duty ratio. 
3. OPERATING MODES 
VenSAR has been optimised for the geometry at its 
nominal orbit altitude, 258 km, and the losses caused by 
the atmosphere of Venus, 0·825 dB one-way at 3·2 GHz 
[4, 5]. These losses are considerably greater than 
terrestrial losses, because of its significantly larger 
atmospheric mass, but in other respects the Venus 
atmosphere is considerably more benign at S-band than 
Earth. The lack of magnetic field results in a total electron 
count in its ionosphere of less than 1 TEV, one fifth the 
terrestrial value and much less variable. It has negligible 
water vapour and while it has a high SO₂ concentration 
  
in the lower atmosphere, it is relatively constant. The 
31·5 dB system gain is more than sufficient to provide 
ample SNR across the range of Venus surface (Fig. 4). 
 
FIGURE 4. Magellan observations of the Venus surface, at 12·5 cm, provide a good estimate of the likely backscatter 
at the 9·4 cm VenSAR wavelength. With a sensitivity better than 20 dB, VenSAR will be able to discriminate details 
within most surfaces on Venus for incidence angles up to ~45˚. The Muhleman law represents a reference surface 
backscatter for Venus, with most of the surface within 6 dB (a factor of 4) of the reference value. 
Five operational modes are planned: stereo, 
interferometry, polarimetry, high resolution, and sliding 
spotlight, but it is possible to programme VenSAR for 
any other desired mode, incidence angle, or resolution, at 
any stage of the mission, making it a highly responsive 
system should, for example, a volcanic eruption occur. 
The sensitivity for each mode, shown in Fig. 4, illustrates 
the capability and range of the instrument. Tab. 2 lists the 
duty ratio and data rate for each mode, which assume 
lossless compression at 4 bits I and 4 bits Q. The duty 
ratio and hence power requirements for each mode vary 
considerably, resulting in different operating durations 
and hence swath lengths. For instance, a duration of 11·5 
minutes corresponds to a swath length of 45° (in latitude), 
about 4750 km.
 
TABLE 2. VenSAR Operating Modes. 
Operating Mode Transmit 
Duty Ratio 
Mean RF 
Power 
Input Power† Image 
Duration 
Swath Width Data Rate 
Stereo 3% + 10% 179 W 898 W 11·5 min 45 km 139 Mbps 
Interferometry 4% 110 W 660 W 16·1 min 43 km 53 Mbps 
Polarimetry 4% 110 W 660 W 15·3 min 45 km 81 Mbps 
High Resolution 20% 552 W 1874 W 5·0 min 40 km 856 Mbps 
Sliding Spotlight 20% 552 W 1874 W 2·184 s 10 km 591 Mbps 
†not including NIA central electronics power requirements. 
The viewing geometries for these modes depends 
primarily on the chosen swath width, incidence angle and 
duty ratio requirements. Larger incidence angles offer 
better texture contrast and fewer artefacts (e.g. layover) 
but reduced sensitivity (refer to Fig. 4) and slope 
information. For a given incidence angle and duty ratio, 
the swath selection diagram (Fig. 5) is used to determine 
the pulse repetition frequency (PRF) required, which 
together with the chosen bandwidth determines the data 
rate. 
  
 
FIGURE 5. The swath selection diagram shows the limits in incidence angle and pulse repetition frequency (PRF) for 
selected mode. The coloured ‘no-go’ areas result from the antenna having to transmit at the same time as echoes from 
within the swath would be received (red bands), and to viewing geometries that would result in range ambiguities 
(green bands) in which echoes from nadir arrive at the same time as those from within the swath. Since both bands 
widen as the duty cycle increases (between 4% and 20%), the constraints are greatest at the highest resolution. The 
vertical bars show the selected swaths for each mode. 
The requirement to just detect the Venera landers is a 
single image resolution better than 4·5 m for them to 
appear brighter than the brightest likely terrain 
surrounding the lander. However, coherent interference 
(speckle) introduces a ‘noise’ of up to 4·77 dB into single 
look imagery. This noise is normally reduced by multi-
looking, as discussed earlier, but in images unable to 
resolve the landers directly, it is instead necessary to 
exceed this noise level in single look imagery. Since the 
3 m azimuth resolution is defined by the antenna length, 
exceeding this additional constraint requires a range 
resolution better than 2·2 m. VenSAR achieves by 
increasing the duty ratio to 20% and the range bandwidth 
to 128·5 MHz to provide a range resolution of 2·0 m, but 
at the expense of increased power input, a very high data 
rate. The modest loss in sensitivity is not critical in 
detecting the landers, which will appear 24·8 dB brighter 
than the sensitivity limit and so be identifiable. 
Having identified the brightest single spot within the 
landing circle and obtaining context imagery to help 
reveal the relationship between the small scale and wider 
scale surface environment processes, VenSAR will use 
sliding spotlight mode in which the radar beam is 
electronically focussed across a single 10 × 5 km area 
instead of the normal continuous stripmap or scanSAR 
methods. This technique provides ~1 m resolution 
imagery of the area around the lander to both confirm its 
location and to provide more than 9 Gbits of ultra-high 
resolution context imagery. Sliding spotlight will also be 
used in the tesserae and other areas to identify detailed 
stratigraphic and geomorphic relationships. This mode 
has been optimised to allow for four sliding spotlight 
images of the same area on successive orbits to improve 
image quality. Because these images will be acquired 
during Cycle 2 on the opposite (right looking) node to 
normal mapping their acquisition does not impact normal 
mapping operations except for a short (30 km) 
interruption in the right looking interferometry data for 
that cycle across each landing site. The incidence angles, 
sensitivity and global coverage for each mode are given 
in Tab. 3: 
  
TABLE 3. Mode parameters and coverage. 
Mode 
Incidence Angle 
Sensitivity 
Resolution 
Near Edge Far Edge (9 looks) 
Stereo 
Near 19·1° 28·0° 15·9 dB 
27 m 
Far 40·5° 45·9° 6·4 dB 
Interferometry 38·2° 44·1° 6·7 dB 
27 m 
   (pass to pass) 39·6° 45·3° 6·4 dB 
Polarimetry 22·3° 30·8° 10·7 dB 63 m 
High Resolution 36·3° 42·2° 5·9 dB 7·3 m 
Sliding Spotlight 40·5° 42·3° 5·5 dB 1·15 m 
Sensitivity is here defined as the difference between the instrument sensitivity (noise equivalent σ₀) and the Muhleman 
reference surface at the worst case incidence. It should ideally be >6 dB.
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